INTRODUCTION
The tonic pupil, to our knowledge, has been reported only once in association with the arteritis of rheumatoid arthritis (Littlewood and Lewis, 1963) . In addition, the tonic pupil is not usually reversible. The purpose of this paper is to report a patient with rheumatoid arthritis who developed a reversible tonic pupil, and to discuss the pathogenesis of this disorder.
CASE REPORT This 76-year-old man was admitted to The Johns Hopkins Hospital for the first time, complaining of severe joint pain and swelling. He had been in excellent health until three years before admission when he developed pain and stiffness in his elbows, wrists, and hands, with subsequent development of rheumatoid deformities. He had been treated for this with aspirin, Indomethacin®. and corticosteroids. Six months before admission the corticosteroids were discontinued because of gastrointestinal hemorrhage, and exacerbation of the arthritis occurred. Two months before admission the patient developed redness and pain to touch in each eye. Past ophthalmic history was normal.
Physical Examination: Prominent rheumatoid deformities of the hands and feet were present (Fig. 1) . There was proximal weakness of the upper and lower extremities, with intact reflexes and sensation.
Visual acuity was 20/30 in each eye. Prominent episcleral injection (Fig. 2 ) and tenderness to touch were present in both eyes. The right pupil was 3 mm and briskly reactive to stimulus and the left was 4 mm and sluggishly reactive (Fig. 3) . Methacholine (Mecholyl©. 2.5%) did not affect the right pupil but contracted the left to 2.5 mm. Extraocular movements were normal. Flare (1+ ) and trace cells were present in the anterior chambers bilaterally, and 1+ lenticular opacities were present bilaterally. Intraocular pressure and funduscopy were normal.
Complete blood count and urinalysis were normal except for the eosinophil count, which was 2255/cu mm. Blood sedimentation was 65 mm/hr., antinuclear antibody was positive at 1/40, and latex fixation was positive at 1/5, 120. Serum IgM was 290 mg/ml (normal, 48-164), with no IgG or IgA. The C'3 complement component was 11 (normal, 11-75) .
Nerve conduction studies and electromyography were normal. Muscle biopsy of the gluteal muscles revealed a prominent occlusive arteritis ( and occasional epithelioid cells. Some smaller arteries had a prominent perivascular inflammatory infiltration (Fig. 5 ). Adjacent adipose tissue contained gold deposits within macrophages (Fig. 6 ).
Hospital Course: The patient was treated with topical and systemic corticosteroids, with some improvement in his strength and with relief of episcleral injection. Within three months the pupils were almost the same size bilaterally, and both reacted briskly and equally (Figs. 7A, B) on direct and consensual stimulus. Methacholine (2.5%) no longer resulted in pupillary constriction.
DISCUSSION
Clinical and laboratory evidence, including a biopsy revealing an occlusive necrotizing vasculitis, suggests that the arteritis of rheumatoid arthritis in our patient resulted in an ischemic insult to the episclera and nearby ciliary ganglion, creating a reversible episcleritis and tonic pupil. The tonic pupil usually presents as a unilateral dilated pupil that responds to direct light stimulation with a slow, tonic contraction and later slow dilation. The accommodative response is often less slow and more nearly complete. Unlike the normal pupil, the tonic pupil will respond to 2.5% methacholine with constriction (Lowenstein and Loewenfeld, 1965) . In our case the tonic pupil was established by the fact that the affected pupil did not respond to direct or consensual light stimulation, but did contract in response to 2.5% methacholine.
It was through Adie's publications that the tonic pupil became known (Lowenstein and Loewenfeld, 1965) . This knowledge helped to differentiate the pupillary changes of a condition that is usually quite benign from those of more serious disorders involving the pupil, especially intracranial aneurysms and syphilis. However, since Adie's reports, the tonic pupil has been reported to occur in association with a variety of disease states, including mechanical and chemical trauma, acute and post-acute viral infections, orbital masses, and autonomic dystrophies. However, the tonic pupil has been reported in association with only one case of arteritis and that was a case of giant-cell arteritis (Davis et al., 1968) . As noted before, the tonic pupil has, to our knowledge, been previously reported in association with rheumatoid arthritis only once (Littlewood and Lewis, 1963) . In that case, a 7-year-old boy developed a unilateral tonic pupil and absent deep tendon reflexes 6 days after the onset of an acute attack of juvenile rheumatoid arthritis. The involved pupil remained tonic 6 months after the attack.
By contrast, both episcleritis and scleritis are most commonly associated with rheumatoid arthritis, although they also occur with a variety of collagen diseases, and several skin disorders, including psoriasis and lichen planus (Lyne and Pitkeathley, 1968) . Since Scheie and Adler discussed the fact that methacholine provided miosis in the affected eye, it has been agreed that the site of damage in the tonic pupil syndrome is the ciliary body. The presence of episcleritis and scleritis suggests that the nearby ciliary ganglion and the short posterior ciliary nerves, as well as the sclera and episclera, were involved with the rheumatoid arteritis in our case.
The usual character of rheumatoid vasculitis is a mononulcear vascular cuffing, fibrotic thickening, and intimal proliferation of small-sized arteries and veins; but a necrotizing arteritis may also be seen (Schmid et al., 1961) . A similar necrotizing vasculitis may be seen in 1) other collagen disease; 2) the allergic granulomatous arteritis of Churg and Strauss; 3) rheumatic fever; 4) hypersensitivity angitis; and 5) hypertension (Farooki et al., 1974) . The most severe necrotizing changes are seen in polyarteritis nodosa, in which aneurysmal formation and perivascular nodule formation may occur (Zeck, 1953) . However, in some cases of clinically-pure rheumatoid arthritis, polyarteritislike changes can be seen (Zeek, 1953; Ramos and Mandybur, 1975) . Clinically, when a necrotizing arteritis is present in rheumatoid arthritis, occurrence of episcleritis, polymyositis, and polyneuritis are more frequent (Zeek, 1953; Panush et al., 1971) . The former two were present in our patient.
As with our patient, when eosinophilia is found with rheumatoid arthritis, arteritis (especially the necrotizing variety) is much more likely to be present, associated with severe deforming articular disease, pleuritis, and subcutaneous nodules, as well as hypocomplementemia and elevated IgM antibody (Steinburg and Parry, 1961) . All of these were present in our patient. Since eosinophilia is a prominent part of the polyarteritis nodosa syndrome, the clinical distinction between rheumatoid arthritis with eosinophilia versus polyarteritis nodosa may be difficult. However, the absence of renal and peripheral nerve involvement does not favor the diagnosis of polyarteritis nodosa.
The tonic pupil response usually persists indefinitely, although its size may change at irregular intervals and there is a tendency for it to become smaller. In our patient, recovery appeared complete, although this was not documented with pupillographic recordings. Since the tonic pupil syndrome usually persists, why did outpatient recover moreor-less completely? The answer must lie in the nature of the insult to the ciliary ganglion. In the usual case of tonic pupil, an inflammatory polyneuritis is thought to destroy most of the ciliary ganglion. With time, the remaining neurons, which originally had innervated mainly the ciliary body, now reinnervate the pupil also. In our patient, the damage was incomplete and thus reversible. This is entirely consistent with the hypothesis of an ischemic insult, secondary to the widespread rheumatoid vasculitis. In both persisting and reversible cases, there is a denervation of the pupil, resulting in a tonic pupil.
